Physiol. 6(6): F455-F462, 1979.-We have computed the fraction of isotonic fluid absorption occurring via a paracellular route by estimating the solvent drag contribution to net chloride flux. Isolated rabbit superficial proximal straight tubules were perfused and bathed with simplified NaCl solutions; neither solution contained small organic anions or bicarbonate, and both were gassed with 100% 02. At 38"C, net volume absorption (J,) was 0.22 t 0.01 nlmin-'*mm-', and the transepithelial voltage (V,, lumen with respect to bath) was 0.9 t 0.1 mV. Cooling to 23OC or 0.1 mM ouabain reduced J, to zero and increased V, to 1.3-1.7 mV. The net chloride flux, measured titrametrically, was 26.7 t 2.2 peq amin-' *mm-', or approximately 87% of the Na' flux in an isotonic absorbate; and when Na' absorption was inhibited with ouabain, the measured net Jcl was indistinguishable from zero. Using the measured electrochemical potential gradient for Cl-diffusion and the observed values of J, and V,, we computed the paracellular volume flow which would be required to produce the solvent drag component of the net chloride flux. The transport parameters for solvent drag under this circumstance were the same as those when salt absorption occurred exclusively by passive means, and solvent drag provided the only nondiffusional mode for net salt absorption. We conclude, therefore, that a major component of proximal fluid absorption occurs via a paracellular pathway.
L. WATKINS.
Solvent drag component of Cl-flux in superficial proximal straight tubules: evidence for a paracellular component of isotonic fluid absorption. Am. J. Physiol. 237(6): F455-F462, 1979 or Am. J. Physiol.: Renal Fluid Electrolyte
Physiol. 6(6): F455-F462, 1979.-We have computed the fraction of isotonic fluid absorption occurring via a paracellular route by estimating the solvent drag contribution to net chloride flux. Isolated rabbit superficial proximal straight tubules were perfused and bathed with simplified NaCl solutions; neither solution contained small organic anions or bicarbonate, and both were gassed with 100% 02. At 38"C, net volume absorption (J,) was 0.22 t 0.01 nlmin-'*mm-', and the transepithelial voltage (V,, lumen with respect to bath) was 0.9 t 0.1 mV. Cooling to 23OC or 0.1 mM ouabain reduced J, to zero and increased V, to 1.3-1.7 mV. The net chloride flux, measured titrametrically, was 26.7 t 2.2 peq amin-' *mm-', or approximately 87% of the Na' flux in an isotonic absorbate; and when Na' absorption was inhibited with ouabain, the measured net Jcl was indistinguishable from zero. Using the measured electrochemical potential gradient for Cl-diffusion and the observed values of J, and V,, we computed the paracellular volume flow which would be required to produce the solvent drag component of the net chloride flux. The transport parameters for solvent drag under this circumstance were the same as those when salt absorption occurred exclusively by passive means, and solvent drag provided the only nondiffusional mode for net salt absorption. We conclude, therefore, that a major component of proximal fluid absorption occurs via a paracellular pathway.
isotonic fluid absorption; electrochemical potential gradient; diffusional and nondiffusional components of passive Cl-absorption THE PURPOSE OF THIS PAPER is to report the results of experiments designed to evaluate the diffusional and nondiffusional, or entrained, components of net passive Cl-absorption in superficial proximal straight tubules isolated from rabbit kidney, and to use these data to evaluate the route for isotonic fluid absorption coupled to active Na' absorption. The rationale for these experiments depends on the following considerations. Current evidence (18) indicates that passive Cl-transport in these superficial proximal straight tubules involves a paracellular route. NaCl dilution potentials at zero volume flow yield voltages of equal magnitude but opposite sign for given transepithelial NaCl concentration gradients produced by altering either luminal or peritubular media; the permeability ratio P&PcI estimated from electrical transference measurements at zero volume flow is identical to that computed from bath-to-lumen 22Na' and 3"C1-fluxes measured during spontaneous fluid absorption; and the latter fluxes yield the same values for the permeability coefficients P Na and Pcl when measured either in the presence or absence of isotonic fluid absorption. Furthermore, earlier observations (12, 15, 16, 18, 19) in isolated superficial proximal straight tubules are consistent with the view that net Cl-absorption occurring during spontaneous isotonic fluid absorption-either in the presence (15, 16) or absence (12, 18, 19) of imposed transepithelial Cl-concentration gradients-may be entirely passive. Thus, in principle, one might estimate the amount of isotonic fluid absorption occurring via a paracellular route by computing the volume flow required to account for the nondiffusional component of net Cl-flux.
The present experiments were carried out with this notion in view. We measured the net Cl-flux which occurred during spontaneous isotonic fluid absorption from superficial proximal straight tubules perfused and bathed with simplified NaCl solutions, using bathing solution albumin that had been purified exhaustively to remove associated small organic anions. These conditions were chosen to minimize error in computing the electrochemical gradient for Cl-diffusion. Second, we compared the nondiffusional component of net Cl-absorption seen under these conditions with that observed under circumstances in which a transcellular component of net Cltransport is unlikely, i.e., when NaCl absorption is driven by an imposed transepithelial electrochemical gradient and active ion absorptive processes are inhibited.
The experimental results indicate that approximately half of net Cl-absorption under these conditions was nondiffusional. Our calculations indicate that this nondiffusional component of net Cl-transport is quantitatively similar to the nondiffusional component of net Clflux measured when active salt-absorptive processes are absent. Thus we conclude that unless active Na+-absorptive processes alter the hydraulic conductance of junc-F456   ANDREOLI,  SCHAFER,  TROUTMAN,  AND WATKINS tional complexes the nondiffusional component of net Cl-transport observed in the present studies was due to solvent drag. Finally, by assigning reasonable values to the Cl-reflection coefficient, i.e., CJC~ L 0.5, we argue that the major route for isotonic fluid absorption is paracellular. A preliminary abstract of these results has been published elsewhere (13).
METHODS
The experiments were conducted using superficial proximal straight tubule segments isolated from kidneys of female New Zealand white rabbits by techniques described in detail previously (12, 15, 16, 18, 19) .
The rabbits were maintained on tap water and standard rabbit chow and were killed by decapitation immediately before dissection; the latter was carried out at room temperature in the NaCl bathing solution described below.
Identification of the proximal straight tubule segment as deriving from a superficial nephron segment was based on two criteria: the segments used were observed to extend to or near the cortical surface in situ, and the tubules dissected had lengths in the range 2.0-3.5 mm [Woodhall et al. (25) have shown that the total length of the pars recta is only about 0.8 mm in juxtamedullary nephrons]. The ends of the dissected tubule segments were trimmed so that the more distal segment was removed, and the segments perfused had an average length of 2.80 t 0.07 mm (SE) (n = 52). They had a uniform wall thickness and an apparently homogeneous cell population along their length, as observed during microperfusion with an inverted light microscope.
The techniques for tubule mounting and perfusion were those described previously (12, 15, 16, 18, 19) . The tubule segments were transferred to a Lucite chamber, thermoregulated to an accuracy of +0.5"C, containing the same bathing solution at room temperature, and were mounted between sets of glass micropipettes.
One tubule end was sucked into a constriction pipette, an inner concentric perfusion pipette containing the perfusate was advanced into the lumen, and perfusion was initiated at lo-15 nI/min using a microsyringe pump. The opposite end of the tubule segment was mounted in a glass micropipette with liquid silicone in the tip. The perfused fluid collected under a layer of decane stained with oil red 0. In some cases, the tubule was perfused for 30-60 min at room temperature (21-23°C) and three or four collections were taken. Otherwise, tubules were incubated for lo-20 min at room temperature and then the temperature was elevated to 38°C over an 8-12 min period.
Solution composition. We employed simplified NaCl per&sates and baths bubbled with 100% 02 (19). The bathing solution contained: 2 mM Na2HPOJNaH2P04, 5.0 mM KCl, 3.0 mM CaC12, 1.0 mM MgClz, 8.3 mM Dglucose, 5.0 mM L-alanine, and 6.0 g/d1 of bovine serum albumin purified as described below. NaCl was added to give a final solution osmolality of 290 mosmol/kg HZO, and the pH was adjusted to 7.4. The perfusing solution was similar except that divalent cation concentrations were lower, to equal the ultrafiltrable Ca2' and Mg2+ concentrations in the bathing solution (19), albumin was omitted, and urea was substituted for glucose and alanine. The final per&ate composition was: 2.0 mM Na2HPOd/NaH2P04, 5.0 mM KCl, 1.5 mM CaC12,0.7 mM MgC12, 13.3 mM urea, plus sufficient NaCl to give a final osmolality of 290 mosmol/kg H20; the pH was adjusted to 7.4.
In earlier studies (19) using simplified NaCl solutions in which undialyzed albumin was added to the bath, we found that the bath water:perfusate Na+ and K+ concentration ratios were appreciably smaller than the perfusate:bath water Cl-ratio. It seems probable that unidentified organic anions associated with commercial albumin account for this disparity, since we have also found that the osmolalities of aqueous solutions containing only 6 g/d1 albumin are generally in the range 8-20 mosmol/kg H20. Clearly, the presence of such associated anions poses a major problem in the calculation of ionic distribution ratios between luminal and bathing solutions (see below) and in the calculation of electrochemical gradients for passive Cl-diffusion. Accordingly, we purified the albumin for use in our bathing solutions both by dialysis and by activated charcoal treatment.
Bovine serum albumin, fraction V, was obtained from Reheis Chemical Co. to remove small charcoal particles. The solution was then dialyzed for 4 h against deionized water using a Travenol Laboratories (Deerfield, IL) model 1500 hollow fiber dialysis cartridge, and ultrafiltered until the protein concentration, as measured by biuret analysis, was in the range 15-20 g/dl. The final solution was pumped through a 0.22-r_lrn Millipore filter (cat. no. GSWP-142) into plastic bottles in amounts appropriate for making either 250-or 500~ml lots of bathing solution, which were then frozen and stored until use.
Aqueous solutions containing only 6 g/d1 of albumin which had been purified in this manner consistently had osmolalities of approximately 3.0-4.0 mosmol/kg H20. It is clear, therefore, that the purification procedure removed unidentified solutes associated with the commercial albumin. In preparing a bathing solution, the pH of the thawed albumin solution was frlrst adjusted to 7.4, using NaOH; then the appropriate volumes of stock salt and nonelectrolyte solutions were added and the final osmolality, volume, and pH were adjusted appropriately. The final albumin concentration in the bathing solution was ascertained to be in the range 5.6-6.2 by biuret protein analysis. Table 1 presents the measured ion concentrations, and the ionic concentration ratios, in the perfusate and bath solutions, using albumin purified as described above in the bathing media. The Na' and K+ perfusate:bath water concentration ratios were virtually identical to one another, and clearly greater than the bath water:perfusate Cl-concentration ratio. The Cl-data differ from those obtained previously (19) with bathing solutions containing undialyzed albumin. With the latter, the Cl-bath water:perfusate distribution ratio exceeded the reciprocal samples for Cl-determinations, the collection rate was measured using a constant-volume pipette to ensure that flow rates were identical to those of the pre-and post-J, measurement periods. The sample was then transferred to the bottom of a Lucite dish filled with light mineral oil in which the titrations were carried out. All samples of collected fluid and initial perfusate were compared to standards of known Cl-concentration which were treated in an identical manner to the samples. All ultramicro chloride measurements were done in duplicate or triplicate.
ratio for either Na' or K+, probably because of organic acids associated with the albumin (19). The Cl-ratio listed in Table 1 Donnan voltages and liquid junction voltages. The ionic diffusion (Donnan) voltage (V,, perfusate with respect to bath) was calculated as described previously (19) using the Nernst equation and an ionic distribution ratio of 1.067; the latter is, as indicated above, the mean of the observed Na' and K' distribution ratios, and is consistent with reported measurements (3, 22) of Cl-binding by albumin. The liquid junction voltages between perfusate electrode:perfusate (V,, ) and bath:bath electrode (Vt-,+,) were calculated as described previously (18, 19) using the Henderson equation. Thus the actual transepithelial voltage (V& mV) may be expressed as Furosemide was kindly provided by Hoechst-Roussel Pharmaceuticals (Somerville, NJ) . In experiments involving furosemide addition to the perfusate, the drug was partially dissolved in the perfusate and NaOH was added until it was completely dissolved. The pH was then brought to 7.4 with HCl, and the osmolality of the solution was adjusted to 290 mosmol/kg HZO. Changes in the original solution volume were less than 5%.
Measurement of net volume absorption and transepitheZiaZ voLtages. Net volume absorption rates (J,, nl. min-' . mm-') were calculated as described previously (12, 15, 16, 18, 19) from the difference between perfusion and collection rates normalized per millimeter of tubule length. For use as a volume marker, [methoxy-"Hlinulin (New England Nuclear, Boston) was dialyzed for 48-72 h against deionized water. An appropriate amount of the dialyzed [methoxy-"Hlinulin solution was evaporated to dryness under an N2 stream and dissolved in the perfusate to give -50 &i/ml in the final perfusate. The perfusion rate was calculated from the total 3H activity in the collected fluid sample and the known activity per nanoliter in the original perfusate. The collection rate was measured by timed total volume collections in a constant-bore (= 1.2 nl/mm) glass capillary collecting pipette.
where V(: is the oserved transepithelial voltage. In the abence of rheogenic voltages, we have found that the observed transepithelial voltage Vz at zero volume flow is nearly zero because the calculated net liquid junction voltage (V,, + Vb,) is opposite in sign and very nearly equal in magnitude to Vn (14). Furthermore, rheogenic voltages produced by net Na' absorption will represent lumen-negative displacements from Vn under these circumstances (14, 19).
Measurement of 3"CZ-permeability coefficient. Pcl (pm/s), the diffusional ""Cl-permeability coefficient, was measured previously (18) from bath-to-lumen ""Cl-fluxes when the perfusate and bath contained symmetrical bicarbonate Krebs-Ringer (KR) solutions. To verify the applicability of this datum to the present studies, we measured Pcl from '%l-bath-to-lumen fluxes when the perfusate and bath contained the simplified NaCl solutions used to measure Jcl. The methodology for measuring Pcl was identical to that reported previously (18).
Statistics. Replicate measurements of J,, V,, or net chloride flux in a given tubule were used to compute a mean value for each tubule. Generally, there were three or four measurements per tubule under a given set of Transepithelial voltages (V,, mV, lumen with respect to bath) were measured as described previously (12, 15, 16, 18, 19). Electrodes containing 0.9% NaCl in 4% agar were inserted into the perfusate and the bathing solution and were connected via calomel half-cells to the input of a differential instrumentation amplifier; the voltage was recorded on a strip-chart recorder.
experimental circumstances. Mean values for individual
Net chZoride fluxes. Net chloride fluxes were calculated as described previously (12, 16) from measured perfusion and collection rates and measured Cl-concentrations in the initial perfusate and the collected samples. Cl-concentrations were measured electrotitrametrically according to the method of Ramsay et al. (9). In these experiments, samples for J, determinations were alternated with samples for Cl-measurement. In the case of the tubules were then used to compute a mean value t SE for the number of tubules indicated. , In these experiments, control and experimental measurements were always made in the same tubule so that mean paired differences were computed and compared to zero using the Student t test. P values indicate the significance of the mean paired difference compared to zero.
RESULTS
General transport characteristics. The general characteristics of fluid absorption for superficial proximal straight tubules perfused and bathed with simplified NaCl solutions are listed in furosemide, and 3.0 mM luminal furosemide plus 0.1 mM ouabain in the bath. It is evident from Fig. 1 that furosemide had no discernible effect on either J, or V,, whereas, in accord with the results in Table 2 Cl-fluxes were measured are presented in Table 3 Table 3 also isotonic salt absorbate; or, in other words, Cl-was the counterion accomWhen the system was cooled to 23°C or when 0.1 mM ouabain was added to the bath at 28°C J, was indistinguishable from zero and V," was virtually equal to Vn, the Donnan equilibrium voltage. These data are comparable indicates that the J, values obtained in the tubules used for Cl-balance studies were comparable to those shown in Table 2 and Fig. 1 , and to those obtained previously (19) . to those reported previously (19) for these tubules using simplified NaCl solutions containing undialyzed albumin in the bath, except for a slightly smaller spontaneous lumen-negative voltage displacement-presumably rheogenie (19)-from the Donnan equilibrium voltage during fluid absorption. We have argued previously (19) that fluid absorption under the conditions listed in Table 2 is linked exclusively to "simple" rheogenie Na' transport, since organic solutes (except urea) are absent from the perfusate, the perfusate and bath are bubbled with 100% OZ, and the carbonic anhydrase inhibitors acetazolamide and ethoxzolamide-which inhibit fluid absorption in the presence of 95% Oz-5% CO2 and HCO; in aqueous media (12)-have no effect on J, under these circumstances (12, 19). However, Warnock et al. (24) have recently found that relatively high concentrations of luminal furosemide, 3 mM, inhibit fluid absorption in isolated superficial proximal tubules gassed with 95% 02-5% COZ to-a greater degree than acetazolamide; these workers have argued that an acetazolamide-insensitive, furosemide-sensitive moiety of fluid absorption may depend on neutral transcellular NaCl transport. The experimental protocol and data are summarized mM furosemide to perfusate was found to have no significant effect on in Fig. 1 Although the data are not shown in Table 3 , we also terminated each experiment with J, and Jcl measurements when 0.1 mM ouabain was added to the bath, to exclude artifactual contributions to J, and Jcl. The results with this maneuver confirmed those shown in Table 2 , Fig. 1, and elsewhere (12, 19): both J, and Jcl were indistinguishable from zero. Accordingly, in the absence of active transport, there was no electrochemical gradient for net Cl-flux from perfusate to bath.
CL-permeation coefficient. In earlier studies (18) we computed a Pcl value of 0.73 pm/s from bath-t.o-lumen 3"C1-fluxes in tubules exposed to symmetrical HC03-KR conditions. Kawamura et al. (7) subsequently obtained a similar value for Pcl, approximately 0.56 pm/s. We (18) also found that the P&Pcl ratio measured isotopically in the presence of HC03-KR solutions was the same as the PNa/Pcl ratio computed from electrical transference data in bicarbonate-free solutions over external NaCl concentrations in the range 32-150 mM, a result which is consistent with the possibility that Pcl is unaffected by external solution NaCl concentrations.
Similar ionic permeability data for these tubules have also been reported by Kawamura et al. (7). In the present experiments, we measured Pcl under conditions identical to those in which net Cl-fluxes were measured. Bath-to-lumen ""Cl-fluxes were carried out in tubules perfused and bathed with simplified NaCl solutions containing approximately 25 @i/ml 36C1-in the bath; we minimized significant accumulation of tracer in luminal fluids by using relatively high perfusion rates (25-30 nl/min) and shorter tubule segments (18). In six tubules (length = 0.98 t 0.08 mm), the value of Pcl estimated from bath-to-lumen '"Cl-fluxes in the presence of simplified NaCl solutions was: 0.75 t 0.09 pm/s in the absence of ouabain; and 0.87 t 0.16 pm/s with 10S4 M ouabain added to the bath. Evidently, both of these values are in close accord with the Pcl value of 0.73 pm/ s reported previously (18). And in keeping with an earlier conclusion (18) that the ionic permeability properties of the paracellular pathway are unaffected by ouabain, the present values of P cl in the presence and absence of ouabain were not significantly different.
DISCUSSION
The present results confirm our earlier observations (19) that in tubules exposed to simplified NaCl solutions "simple" rheogenic Na+ transport results in a fluid absorption rate of about 0.2 nlmin-' *mm-' and a lumennegative displacement of 0.5-1.0 mV from the Donnan equilibrium voltage. The present results also show that this component of Na' absorption was unaffected by luminal furosemide (Fig. l) , that Cl-was the counterion for approximately 87% of the Na' in an isotonic absorbate, and that net Cl-absorption was indistinguishable from zero at zero net volume flow (Table 3) . Finally, the results indicate that with simplified NaCl solutions in the perfusate and bath Pcl was 0.75 t 0.09 ,um/s, a value which is in close accord with that reported previously by us (18) and by others (7). We now consider individually the diffusional and nondiffusional components of Clabsorption, the particular intent being to assess the fractional flow of fluid absorbate through the paracellular route.
DiffusionaL CL-flux. As indicated at the beginning of this paper and elsewhere (12, 15, 16, 18, 19) , passive Cltransport in these tubules crosses the paracellular route. Therefore one can calculate the nondiffusional component of net Cl-absorption as the difference between the net Cl-flux, given in Table 3 , and the Cl-flux driven by the transepithelial electrochemical gradient. Net Cl-diffusion (J&) in these tubules may be expressed as
where Pcl is the transepithelial Cl-permeability coefficient; d is the tubule inside diameter in centimeters, F, R, and T have their usual meaning; Cl] and Clb are the luminal and bath Cl-concentrations, respectively; and AC1 is the transepithelial Cl-concentration gradient. Pcl in these tubules is 0.75 pm/s (cf. RESULTS);
Cl1 and Clb are, from METHODS, 146.5 and 137.3 mM, respectively; and VE was 0.9 mV during spontaneous fluid absorption (Table 2) . By inserting these values in equation 2 we obtain J& = 14.2 peq*min-' *mm-' or about half of the net Cl-flux listed in Table 3 .
Evidently, the use of equation 2 to calculate J& requires that Pcl be valid and that the term (2 ) a describe adequately the transepithelial electrochemical gradient for Cl-diffusion. The present data (cf. RESULTS) indicate clearly that the value of Pcl obtained with tracer fluxes using simplified NaCl solutions is virtually the same as that measured previously, either isotopically or with electrical transference methods, by us (18) and by others (7). With respect to equation 2a and the electrochemical gradient for Cl-diffusion, the following considerations are relevant.
First, as indicated in RESULTS, the measured net Clflux was indistinguishable from zero when active Na' absorption was inhibited with ouabain. Therefore, in the absence of active Na' absorption, the electrochemical gradient for Cl-diffusion between perfusate and bath was zero, or, in other words, there were no artifactually imposed external gradients for Cl-diffusion.
Second, the expression of the driving force for Cldiffusion acording to equations 2 and 2a represents, for practical purposes, a linear integration of the Nernst- The validity of such an approach for proximal tubules has been justified on empirical (6, 12, 15, 16, 18) and on thermodynamic (6, 11) grounds. We may justify the present use of equation 2 empirically by noting that at zero volume flow VZ becomes VI> (at 38°C 1.7 mV). This value, derived from the Nernst equation, together with Cl1 = 146.7 mM and Cl h = 137.3 mM (cf. METHODS), yields a value of virtually zero for equation 2a. And as indicated above, the experimentally measured net J (~1 is zero at zero net volume flow. In our view, these considerations indicate that equation 2, together with the assigned values for Pcl, VZ, and the Cl-concentrations in the perfusate and bath, provides a reasonable way for estimating J&.
directed NaCl gradient are the same as inwardly directed rate of fluid transport when a NaCl gradient of the same magnitude is directed from bath to lumen (15). Thus the osmotic gradient driving fluid transport under such circumstances is not rectified, or, put differently, is expressed across the equivalent of a symmetrical interface.
Nondiffusional CL-flux. The net Cl-flux measured in the present studies was 26.7 peqomin-' l m-', and, as indicated above, diffusion accounted for 14.2 peq . min-' . mm-', or about 53% of the net Cl-flux. Accordingly, the nondiffusional net Cl-flux was by difference 12.5 peq. min-' . mm-'. This nondiffusional component of Cl-flux might, in principle, involve transcellular Cl-flux related to active (20, 24) and/or passive transport processes, or passive entrained Cl absorption through a paracellular route.
The present data, specifically the lack of a furosemide effect on fluid absorption (Fig. I) , do not exclude the possibility that nondiffusional Cl-flux involved a transcellular route. Consequently, we will compare the nondiffusional Cl-flux measured in the present studies to that observed previously by us (15) in tubules exposed to ouabain and perfused and bathed with high and low ClKrebs-Ringer solutions, respectively; and we will provide evidence in support of the view that for these latter circumstances, solvent drag through junctional complexes provided the only driving force for nondiffusional Cl-transport.
Such a result might obtain with a transcellular route for fluid transport if the salt and water permeability properties of apical and basolateral membranes of these tubules were identical. But since this is an unlikely possibility (5,6,18), we interpret the nonrectifying nature of fluid transport driven by imposed transepithelial NaCl gradients to indicate that such volume flows involve a single symmetrical interface, the paracellular pathway.
[This argument is formally identical to one set forth (4, 5, 18) in assessing the route for passive ion permeation in epithelia: in the isolated pars recta, a given transepithelial salt gradient produces a dilution voltage of equal magnitude but of opposite sign when expressed from lumen to bath and in the opposite direction, consistent with the view that the voltage is expressed across a symmetrical interface]. Therefore it is reasonable to surmise that the nondiffusional component of Cl-absorption measured in the presence of an imposed NaCl gradient and ouabain provides an index to the degree of coupling between Cland fluid transport through the paracellular route. And if so, this moiety may be used to evaluate the entrained component of Cl-flux in the present studies.
The entrained, or solvent drag, component of Cl-absorption in the present studies may be expressed as (3)
The line of argument is as follows. When these tubules are perfused and bathed with a variety of symmetrical solutions-either HCOs-KR, Cl-KR, or simplified NaCl solutions-which do not impose a transepithelial gradient for NaCl absorption, ouabain and/or cooling reproducibly reduces the rate of spontaneous salt and water absorption to values indistinguishable from zero (15, 16, 18, 19, and Table 2 ); thus ouabain inhibits effectively the contributions of active transcellular pathways to salt and water absorption. Therefore, when tubules are perfused and bathed with Cl-KR and HCOs-KR solutions, respectively, in the presence of ouabain, the observed rates of NaCl and fluid absorption depend only on passive NaCl transport driven by the imposed electrochemical gradient for NaCl absorption (15, 16). And in keeping with this view, we have found (15) that the NaCl and fluid absorption occurring with a Cl-KR perfusate and an HCO:j-KR bath in the presence of ouabain is reduced to zero when transepithelial NaCl gradients are abolished.
where p (15) is the fraction of fluid absorption crossing the paracellular route. In order to compare the present data with those observed with a Cl-KR perfusate and an HCOs-KR bath containing ouabain, we define a parameter y as yc1 = pu -ml) (3 ) a where ye1 evidently depends on the water and ionic permeability properties of the paracellular route. Table  4 compares the value of ycl computed in the present studies with that obtained previously in this laboratory (15) using a Cl-KR perfusate, a HCOn-KR bath, and 10m4 M ouabain in the bath. There is a close agreement between the ycl values computed for the two different circumstances. We now consider explicitly the route for passive nondiffusional, or entrained, NaCl absorption occurring under such circumstances. When tubules are perfused and bathed, in the presence of ouabain, with asymmetrical solutions that impose a transepithelial gradient for passive NaCl transport, observed rates of fluid transport from lumen to bath in the presence of an outwardly 38°C + ouabain _-.
The value of ~(31 for the present studies was computed from equations 2 and 3 using the data in 
